BACKGROUND/OBJECTIVES: Maternal serum triglyceride (TG) level is known to be associated with neonatal birth weight. Although Koreans traditionally consume relatively high amounts of grain and grain products, mainly in the form of white rice, and the consumption is positively associated with serum TG levels, no study has investigated the relationship between dietary grain intake, serum TG levels and neonatal birth weight in pregnant women. This study was conducted to identify the association between infant birth weight and maternal intake of grain, as well as serum TG levels. SUBJECTS/METHODS: Subjects were 1011 pregnant women at 12-28 weeks' gestational age and their offspring. Maternal serum TG levels, dietary intake and infant birth weight were measured. RESULTS: Serum TG levels were positively related to neonatal birth weight both at mid-pregnancy (P = 0.0015) and at late pregnancy (P o 0.0001). Such an association only existed in subjects with the highest tertile of grain intake at mid-pregnancy (P = 0.0055) but was observed in all tertiles at late pregnancy (1st P = 0.0186, 2nd P = 0.0146, 3rd P = 0.0099). CONCLUSIONS: The relationship between maternal TG levels and infant birth weight may depend on dietary grain intake and stages of pregnancy in Korean pregnant women.
INTRODUCTION
Traditionally, grain consumption is comparably high in Asian populations, including Koreans. The traditional Korean diet is mainly composed of refined white rice (high amylose, about 35% of energy), which is most frequently (2.6 times/day) and highly consumed (uncooked, 171.4 g/day). 1, 2 The refining process destroys the structure of the grain kernel and removes bran and germ-containing dietary fiber and other essential micronutrients. 3 Consumption of refined grains including commonly used types of white rice can also induce high glycemic responses. Long-term consumption of refined grains has been related to components of metabolic syndrome, a risk of type 2 diabetes and cardiovascular disease, 4 and dyslipidemia including hypertriglycemia. [5] [6] [7] [8] Birth weight is a primary factor for predicting the health of neonates at birth and well into adulthood. [9] [10] [11] Considered an indicator of uterus growth, 12 birth weight is also a major determinant of fetal mortality and morbidity. [13] [14] [15] Along with maternal factors such as gestational age, 16, 17 parity, 17, 18 age, 17, 19 smoking, 20 pre-pregnancy weight 21 or body mass index, 22 and weight gain during pregnancy, 21,23-25 serum triglyceride (TG) level is known to be related to infant birth weight. 14, 26, 27 Although many studies have evaluated the role of grain intake in the development of metabolic risk factors [5] [6] [7] [8] including hypertriglyceridemia, to our knowledge, there have been none for pregnant women, especially those from an Asian population that customarily has high-carbohydrate diets with rice as the staple. Furthermore, the association between serum TG levels and infant birth weight has been investigated mostly in pregnant women with pregnancy complications or pre-existing diseases 28, 29 or with undernourishment in low-and middle-income status. 30 In this study, using a prospective sample from the Mothers and Children's Environmental Health (MOCEH) study, we investigated the relation between infant birth weight and maternal dietary grain intake as well as serum TG levels in women with normal pregnancies in a Korean population.
SUBJECTS AND METHODS

Study subjects and data collection
This study was part of the MOCEH study, which is a multicenter (Seoul, metropolitan area; Ulsan, industrial area, and Cheonan, medium-size urban area) prospective cohort study in South Korea. Comprehensive information about the study is available elsewhere. 31 The study sample comprised pregnant women at mid-stage (that is, 12-28 weeks of gestation) of a normal (not-at-risk) pregnancy who were willing to participate after receiving written information about the study. A total of 1751 pregnant women were recruited from August 2006 to December 2010. Of 1751 subjects, 31 women who had twins, 23 who suffered spontaneous abortions, 3 who had an intrauterine growth restriction and 12 whose fetus had a congenital anomaly were excluded. Of the subsequent 1682 pregnant women, 221 whose pregnancy outcome data were not available due to dropout and 34 who had pregnancy complications (hypertension or/and diabetes) were excluded. Among the remaining 1427 subjects, 135 subjects whose dietary intake data were not collected, 5 subjects who had total energy consumption o500 or 44000 kcal/day and 276 subjects 1 without serum TG concentration information at mid-or late pregnancy were also excluded. Therefore, a total of 1011 women (mean ages: 30.1 ± 3.6 years) were finally eligible for this analysis. The study protocols and consent forms were approved by the three institutional review boards at Ewha Womans University School of Medicine, Dankook University Hospital and Ulsan University Hospital. All subjects provided informed consent to participate in the study, and were interviewed by trained interviewers. Blood samples were collected and dietary questionnaires were administered on the same day.
General information on demographic factors, socioeconomic factors and health-related behaviors was collected. The subjects were followed up until delivery. Further information on pregnancy outcomes, such as gestational age at delivery (weeks), neonatal gender and birth weight (g), was obtained from medical records. Gestational age at delivery was counted from the last menstrual period and was also determined by ultrasound.
Dietary assessment
Dietary data were collected by a 24-h recall regarding intake the day before blood sampling within 20 weeks of gestational age. For the 24-h recall method, experienced, well-trained dietary interviewers instructed the respondents to recall and describe all the foods and beverages they had consumed over the past 24 h. Models of the most frequently consumed food items were made in a defined unit and shown to the subjects to help them report their intake with more accuracy. The subjects' dietary intakes of nutrients were assessed using a computerized nutrient intake assessment software program (CAN-Pro 3.0, Korean Nutrition Society, Seoul, Korea).
Maternal serum TG concentration
The level of maternal serum TG was analyzed twice from collected blood samples, once at mid-pregnancy (between 12 and 28 gestational weeks) and another at late pregnancy (between 29 and 42 gestational weeks). The serum TG levels were measured by means of an enzymatic method using an autoanalyzer (model 1523-06, Hitachi Ltd, Tokyo, Japan).
Infant birth outcome
Information on neonates such as gestational age, birth height and weight, and gender was obtained from birth records. Gestational age was counted from the last menstrual period to delivery and/or examined by means of an ultrasound. Premature neonates were defined as those born o37 weeks of gestational age. Neonates with low birth weight were defined as those weighing o 2500 g, and macrosomia was defined as a baby with birth weight 44000 g with 437 weeks of gestational age.
Other measurements
Detailed data on socioeconomic factors and personal characteristics of mothers were collected, including age, delivery history, level of education, income, exercise, smoking, passive smoking, alcohol drinking and dietary supplement use, using a self-administered questionnaire. Pre-pregnancy weight was self-reported and current height was measured to calculate body mass index. Weight gain during pregnancy was calculated by subtracting pre-pregnancy weight from weight at delivery. Education levels were categorized as less than high school graduation, universitylevel graduation (graduated from a 2-year university course/dropped out of a 4-year university course) or higher than university-level graduation (graduated from 4-year university course and above). Household monthly income was categorized as oUS$2000, US$2000-US$4000 and 4US$4000. Alcohol drinking was classified as current drinker and nondrinker, while cigarette smoking was categorized into current smoker and nonsmoker. Exposure to passive smoking either at home or at work was assessed by self-reporting. Passive smoking was defined as living with someone who smokes at home regularly or working or spending time on a daily basis with people who smoke.
Statistical analysis
Characteristics of the mothers and their newborn babies are expressed as means with s.d. (continuous variables) or number and percentage (categorical variables). Because of the skewed distribution of maternal serum TG levels and dietary intakes, these variables were log-transformed before analyses. Pearson's correlation and partial correlation were used to evaluate the correlation between maternal dietary intake and serum TG levels at mid-pregnancy with infant birth weight. Multiple regression analysis was used to evaluate the relation between maternal dietary intake as both continuous and categorical (tertiles) variables and serum TG concentrations at mid-pregnancy in addition to the relation between maternal TG levels as both continuous and categorical (tertiles) and infant birth weight. The association between serum TG levels and infant birth weight according to tertiles of grain intake was assessed using a multivariate regression analysis. Potential confounders in this study were either statistically significant in univariate analyses or known to be potentially important factors, such as maternal age, 26 weight gain during pregnancy, 32,33 log-transformed urinary cotinine level, gestational age, 26, 32 gestational age at blood collection, 34 neonatal gender 32 and log-transformed energy intake. Statistical analyses were performed with the SAS statistical package (SAS 9.3, SAS Institute, Cary, NC, USA). Statistical significance was defined as Po0.05.
RESULTS
The average age of mothers was 30.1 ± 3.6 years and their babies were born at 38.9 ± 1.4 weeks of gestational age weighing 3281.8 ± 402.8 g ( Table 1 ). The mean daily grain intake of pregnant women was 269.0 ± 119.1 g. The average maternal serum concentrations of TG at mid-and late pregnancy were 143.4 ± 68.5 and 273.4 ± 123.3 mg/dl, respectively. Maternal serum TG levels at both mid-pregnancy (P = 0.0015) and late pregnancy (P o 0.0001) were positively associated with infant birth weight after adjusting for maternal age, weight gain during pregnancy, log-transformed urinary cotinine, gestational age, gestational age at blood collection, neonatal gender and log-transformed calorie intake (Table 2) . Such an association only existed in subjects with the highest tertile of grain intake at mid-pregnancy (P = 0.0055) but was observed in all tertiles at late pregnancy (1st tertile, P = 0.0186, 2nd tertile, P = 0.0146, 3rd tertile, P = 0.0099; Table 3 ).
DISSCUSSION
We observed a significant positive association between maternal serum TG levels and neonatal birth weight. It was also interesting to note that such an association only existed in subjects with the highest tertile of grain intake at mid-pregnancy but occurred in all tertile groups at late pregnancy, independent of other confounders. The relationship between maternal TG levels and infant birth weight may depend on dietary grain intake and stages of pregnancy in pregnant Korean women, an association that has not been reported previously. Maternal serum TG levels were positively associated with neonatal birth weight in the present study, consistent with previous studies in Caucasian [35] [36] [37] and Asian 32 women. Although grain intake was not directly related to infant birth weight, it was positively associated with serum TG at mid-pregnancy in this study. Diets with low glycemic load during pregnancy have been reported to reduce the risk for large-for-gestational-age births after adjusting for body mass index and total energy intake. 2, 38 This relationship indicates that refined grain intake may be closely related to the maternal serum TG level that will be ultimately associated with neonatal birth weight. Refined grain intake, in conjunction with low intakes of whole grains, fruit and vegetables, legumes and dairy products and increased sugar intake, has been associated with metabolic risk factors in several prospective studies. [39] [40] [41] A high-fat and low-carbohydrate diet is common in western countries. 42, 43 However, grain intake is relatively high in the Korean population. Although fat intake remains comparably low, carbohydrate intake is elevated instead, which increases serum TG levels and may affect neonatal birth weight in the Korean population. As serum TG levels are well known to be associated with neonatal birth weight in Peruvian women with preeclampsia, 26 in Indian women with undernourishment 30 and in Japanese nondiabetic women with positive diabetic screens, 32 the association between a high grain diet and serum TG levels should be studied further to provide appropriate dietary recommendations for pregnant women with normal pregnancy.
Although little is known about the transport of lipids from the mother to the placenta, maternal dietary intake is associated with maternal lipid levels according to Herrera, 21 who investigated lipid metabolism during pregnancy. An excess of dietary grains may accumulate as fat depots at a greater amount than for pregnant women with lower grain intake. 21 When lipid metabolism increases the number of insulin receptors on adipocytes during the early stages of pregnancy, 44 the accumulation of fats that are to be used in the late part of pregnancy increases as well. The breakdown of these accumulated fat depots, that is, lipolysis, and the transportation of fat to the fetus within the last trimester may be more active in pregnant women with higher grain intake because excessive intake of carbohydrates accumulates as fat in the body. 45 In the present study, maternal serum TG levels at mid-and late pregnancy were correlated (r = 0.454, P o 0.001; data not shown), consistent with previous studies. 46, 47 The average levels of serum TG of our subjects increased rapidly during pregnancy and doubled from mid-pregnancy (143.4 ± 68.5 mg/dl) to late pregnancy (273.4 ± 123.3 mg/dl), comparable to previous studies showing a two-to fourfold increase of TG during pregnancy. 10, 32, 34, 38 Thus, the constantly accumulated TG due to habitual high intake of carbohydrates measured at mid-pregnancy may affect infant birth weight consistently regardless of grain intake at late pregnancy. As habitual intake, especially staple food intake, is hardly changed, dietary consumption pattern at midpregnancy was assumed to be maintained at late pregnancy. The positive relationship between maternal serum TG and infant birth weight regardless of grain intake at late pregnancy can be explained by increasing catabolism of stored fat depots in the second half of pregnancy due to increasing demands of fetal growth. Such a relationship existed only in the highest tertile of grain intake at mid-pregnancy, which can be the potential evidence for the association of grain intake with maternal serum TG levels and neonatal birth weight during anabolism in the first half of pregnancy.
The limitations of our study include the following: maternal dietary intake measured by 1-day 24-h recall may not provide sufficient estimates to postulate the relationship between maternal dietary intake and neonatal birth weight, although well-trained interviewers used standard protocols to minimize any Grain intake, serum triglyceride and birth weight potential bias. In addition, grain intake included both whole and refined grain. We did not distinguish between whole grain and nutritionally inferior refined grain. However, it is worth noting that the whole grain intake of the Korean population is very low (less than 10 g/day), as shown in the Korean National Health and Nutrition Examination Survey. 48 Nonetheless, our study had certain strengths. To the best of our knowledge, no published papers have demonstrated the relation between maternal grain intake, serum TG levels during normal pregnancy and infant birth weight. Our study results can also provide a reference for maternal serum TG levels during pregnancy in the Korean population, which has different dietary habits, that is, relatively high consumption of carbohydrate and low consumption of fat, from people in western countries. Our sample size was large, and this project was part of a large-scale, multicenter, prospective study in South Korea; therefore, our data may be extrapolated to other populations of Korean women as well as to populations worldwide.
In conclusion, our results suggest that dietary grain intake during pregnancy is positively associated with serum TG levels during pregnancy. Maternal serum TG levels during pregnancy were also positively related to infant birth weight, but such an association depends on the dietary grain intake of mothers. Refined grain intake mainly from white rice may be an indirect contributor to infant birth weight through increased levels of TG. A follow-up study is needed to investigate the long-term effect of maternal grain intake on infant growth and development in samples of our study.
